to everyday intake was 1.38 (1.05-1.83) for less frequent intake, while intake frequencies of green tea, miso soup, and pickled vegetables (tsukemono) were not. Multivariate analysis including sex, 10-year age group, residence, education, and fruit intake showed that all factors except sex were significant. This is the largest study of HP infection among Japanese Brazilians, and the results indicated a similar pattern of age-specific infection rate to that for Japanese in Japan.
Since Helicobacter pylori (HP) was identified in 1982, the bacterium has been widely accepted as a pathogen related to digestive ulcer, atrophic gastritis, gastric cancer, and gastric mucosa-associated lymphoid tissue (MALT) lymphoma. [1] [2] [3] [4] HP infection occurs worldwide, and the prevalence is higher in developing countries than developed countries. 5, 6) It is thought that improved social and sanitary conditions prevent person-to-person transmission, though no clear evidence exists as to which route of infection or source of HP predominates. 6, 7) Several studies indicated that crowded living conditions, family size, and sharing a bedroom predispose to HP infection. 8) Most investigators believe that HP is transmitted directly by fecal-oral and/or oral-oral route. [5] [6] [7] An increase in the seropositivity with age was observed in developed countries, and this is considered due to the birth cohort effect, in that the older generations were under poorer sanitary conditions during their childhood. 9) Brazil has the world's largest population of Japanese outside Japan. The first group of 781 Japanese immigrants arrived in Brazil in 1908. According to a report by the Japanese Ministry of Foreign Affairs, the number of permanent residents of Japanese nationality in Brazil was 83 803 in 1998 and the population of Japanese descendants is estimated to be 1.3 million. Most Japanese Brazilians belong to Japanese communities, which preserve Japanese language and culture through many activities such as Japanese language school for children, Japanese folk dance parties (bon-odori), culinary and music festivals, and sport competitions (undo-kai). The communities also play an important role in health promotion through health checkup and education.
A previous study on Japanese Brazilians reported that the HP infection rate evaluated by means of a serological test among those aged 40-59 years in São Paulo city was 76.8% (129/168), 71.6% for 81 males and 81.7% for 87 females.
10) The comparison between men aged 40-49 years from São Paulo and from five areas (Ninohe, Yokote, Saku, Katsushika, and Ishikawa) in Japan revealed that the persistent HP infection rates were similar.
10) The present study aimed to determine the HP infection rate more precisely according to sex, age, and generation, for Brazilians of full Japanese ancestry, and to examine the associations of the infection with lifestyle factors such as smoking, alcohol drinking, and dietary habits. A serological test was used in this study, as adopted in other studies.
SUBJECTS AND METHODS
Study subjects Subjects were apparently healthy adult Japanese Brazilians, who voluntarily participated in this study, from four different cities, São Paulo, Curitiba, Mogi das Cruzes, and Mirandopolis. Those with a history of disease such as ulcer and stomach cancer were not excluded. In São Paulo, about 350 000 Japanese descendants reside, and 47 associations named for each prefecture of Japan (Kenjin-kai), Japanese co-operative societies, country clubs of Japanese Brazilians, and many other non-profit Japanese associations have been founded. The city of Mogi das Cruzes is 70 km northeast from São Paulo city, and contains a population of Japanese Brazilians estimated at 6000 families, who live by growing vegetables. The total population of Mirandopolis is 25 000 and Japanese Brazilians account for about 2000. Cattle farming is common in this region. Curitiba is the capital city of Parana state, an urban area, where approximately 12 000 Japanese Brazilian families reside.
With the approval of association directors, Japanese Brazilians aged 35 to 69 years were identified from the lists of 18 Japanese Brazilian associations (12 in São Paulo, 4 in Curitiba, 1 in Mogi das Cruzes, and 1 in Mirandopolis). In São Paulo, where more than 100 associations exist, 12 associations that responded in the predetermined period were selected. The members of these associations were invited to participate in February to March 2001 through a standardized letter informing them of the study aims, procedure, and confidentiality. In Mogi das Cruzes, the study was also announced by a local newspaper. After written informed consent had been obtained, lifestyle data and blood sample were taken in rooms of each association on the occasions of festivals and sports competitions in March to May 2001.
The applicants numbered 662 in São Paulo city, 90 in Curitiba city, 110 in Mogi das Cruzes city, and 107 in Mirandopolis city. Six applicants aged less than 30 years or more than 69 years were excluded from the analysis, but 9 applicants aged 33-34 years were included. The remaining 963 subjects (399 males and 564 females) of full Japanese ancestry were selected for the analysis. Anti-HP antibody test A 10 ml sample of venous blood was obtained from each participant. The blood samples were centrifuged and frozen at −20°C according to an identical protocol. An anti-HP IgG antibody test, HighMolecular-weight Campylobacter-Associated-Protein (HM-CAP) ELISA ("Detaminor H. pylori antibody," Enteric Products, Inc., Westbury, NY) was used for the identification of HP-infected participants. 11, 12) The test was conducted at SRL Co., Ltd. in Japan, where routine measurement of the IgG antibody has been established. A value of 2.3 EV (ELISA Value) or over was regarded as HP infection-positive. Lifestyle data Information on lifestyle factors was obtained using a self-administered questionnaire checked by interviewers. The questionnaire included items on demographic characteristics, familial origin by prefecture, educational background, personal and family history, habitual smoking and alcohol drinking, reproductive history, physical exercise and dietary habits. Food intake frequency was questioned using five categories; never, 1-3 times per month, 1-2 times per week, 3-4 times per week, and every day. The food items were rice, beans, bread/spagetti, potatoes, beef, chicken, fish, pork, bacon/ sausage, salty meat/fish, egg, cheese/yogurt, raw vegetables, yellow vegetables, tomato, fruit, fruit juice, sweet, frozen food, spicy food, miso soup, pickled vegetables (tsukemono), and soybean food. Intake frequencies of milk, coffee and tea were questioned using four categories; never, occasionally, 3-4 times a week, and every day. Information on tea consumption was obtained in terms of the kind of tea (green, black, mate, and others). Statistical analysis HP seropositivity was analyzed according to sex, age, residence and generation. The 95% confidence intervals (95%CI) of the percentage were calculated by assuming a binomial distribution. The antibody-positive rate was tested by a χ 2 test. Age-sexadjusted odds ratio (OR) and 95%CI were calculated according to an unconditional logistic model. In the model, the association was examined for education coded as primary (≤7 years), secondary (8-11 years), and university (≥12 years); habitual smoking as never smokers, former smokers, and current smokers including those who quit in the past 1 year; alcohol drinking as non-drinkers, former drinkers, and current drinkers including those who quit within the past 1 year; and food frequencies as every day and less frequent. These calculations were conducted by the computer program STATA Version 7 (STATA Corp., College Station, TX).
RESULTS
The seropositive rates of anti-HP IgG antibody according to characteristics of the participants are shown in Table  I Table II shows the comparisons among the generations according to 10-year age group. For the age group 40-49 years, the rate was the highest for Issei, and the lowest for Sansei, but the difference between any two of the three generations was not statistically significant. Though the rate for age group 60-69 years of Sansei was 75.0%, this included only 4 subjects. Table III shows sex-age-adjusted OR of antibody positivity for lifestyle factors. The subjects with the highest education level (≥12 years) were found to have an OR of 0.61 (95%CI, 0.42-0.89). The OR was 1.26 (0.85-1.85) for former smokers and 1.14 (0.78-1.68) for current smokers. The analysis for males showed similar OR of smoking habits; 1.22 (0.84-1.77) and 1.14 (0.65-1.86), respectively. Alcohol consumption was not statistically significant for either sex or both combined. The OR of fruit intake relative to every day was 1.38 (1.05-1.81) for less frequent intake. Green tea, miso soup, pickled vegetables, as well as the food items not listed in Table III , were not associated with the HP antibody status. Only 3 participants ate salty meat/fish every day. The categorization of salty meat/fish intake frequency yielded no difference in seropositivity between the two groups. The significant factors identified by univariate analysis, as well as sex and residence, were analyzed by using a multivariate logistic regression model (Table IV) . Consistent with the univariate analysis, schooling longer than 12 years (OR=0.59, 0.39-0.88) and less frequent intake of fruit (OR=1.39, 1.05-1.83) were significantly associated with persistent HP infection. The age group of 60-69 years was found to have a two times higher risk than the age group of 33-39 years. The multivariate analysis showed an increase risk for Japanese Brazilians living in Mogi das Cruzes (OR=1.58, 1.03-2.41) relative to São Paulo, but not for the other rural area, Mirandopolis.
DISCUSSION
Japanese Brazilians reportedly had a similar mortality/ incidence rate of stomach cancer to that for Japanese, which was about 50% higher than Brazilians as a whole. The standardized mortality rate of Japan-born Brazilians in the city of São Paulo 1979-81 was 86 in males and 79 in females compared with Japanese, but 166 in males and 150 in females compared with all the São Paulo residents.
13 ) The incidence rate of stomach cancer for Japanborn Brazilians in São Paulo also showed a similar tendency. 14) As described, the anti-HP IgG antibody-positive rate reported by Tsugane et al. was 76.8% (95%CI, 69.7-82.9) for 168 Japanese Brazilians in São Paulo aged 40-59 years. 10) Since the study was conducted in 1989, their birth year ranged between 1930 and 1949. No other studies have been reported for Japanese Brazilians to date. This study was a middle-sized study, which allowed us to estimate age-specific positive rates, revealing an increase in the rate with age. The rate for those born before 1950 in the present study was lower than that of the previous study.
10 ) The difference was probably due to the different population sampling. Since the participation rate could not be defined in this study and was 57% in the previous study, 10) precise comparison between the two studies is difficult. However, both indicated that the rate for Nisei was similar to that for Issei.
It is important to discuss whether or not the present study subjects reflected all Japanese Brazilians in the year 2001. Almost all Brazilians of full Japanese ancestry belong to at least one Japanese association. Although precise comparisons were not possible, the education level of the participants indicated that the sampled Japanese Brazilians were not far from the whole Japanese Brazilian population. Even if potential study subjects were sampled randomly, the participation rate might be far from 100%, as shown in the previous study. 10) This sampling framework seems to be a practical method for a large study with limited funding.
A study of HP seropositive rate in 418 asymptomatic Japanese in Sapporo in 1990 showed that those born before 1950 had a 70 to 80% infection rate, while the rate for those born after 1950 decreased with their year of birth. 15) A study of 4361 workers residing on the coast of Honshu island in 1996 showed that the seropositive individuals amounted to 21.6% for those aged 19-29 years, 29.5% for those aged 30-39 years, 46.0% for those aged 40-49 years, and 53.0% for those aged 50-59 years. 16) Another study of 1815 blood donors in Akita, Miyagi, Iwate, and Okinawa showed a slightly higher positive rate, but a similar tendency in term of age-specific positive rate. 17) A difference in the positive rate was reported among different areas in Japan, 18) but our study found Japanese Brazilians had a similar rate to those for Japanese in Japan reported in the largest study. 16) Their prefecture of origin was included in the questionnaire, but marked differences were not observed among the prefectures. This may be because the difference in the rate decreases from generation to generation.
The age-specific rate is important not only for HP infection control, but also for the prediction of stomach cancer incidence. A decreasing trend in the positive rate with birth year among Japanese Brazilians was analogous to that for Japanese in Japan 16, 17) and in Northern Ireland.
19)
The pattern was different from that for Caucasians in the United States, showing a lower rate for the elderly, and that in developing countries, showing a higher rate from childhood. This is the first report that Japanese Brazilians have a similar decreasing tendency to Japanese in Japan.
In Brazil, the children of a low socioeconomic level were reported to have a higher seropositive rate. 20) The prevalence of HP antibody was 61.8% among blood donors, 21) which was slightly higher than that observed for the present participants.
It was clearly demonstrated that age is a factor that determines the seropositive rate, but not the generation, as shown in Table II . There was no significant difference between any two of the positive rates according to age group among Issei, Nisei, and Sansei, and the trend among the three generations was not significant (e.g., P=0.351 for age group 40-49 years by a logistic model with a variable, 1 for Issei, 2 for Nissei, and 3 for Sansei). The results suggest that birth place did not affect the risk of infection. Japanese Brazilians have maintained Japanese culture, and their unchanged lifestyle may be one of the reasons why there is little difference in the infection rate among the generations. This study indicated that education level is associated with the positive rate. Since education level is a surrogate index for income and social class, it has no etiological meaning. If the level were closely related to determinants such as sanitary conditions, it would show a strong association. Otherwise, weak or no association would be observed. For Japanese, an insignificant weak association was reported. 22) Among the lifestyle factors, those who ate fruit every day had a significantly reduced risk of seropositivity. A significant association was reported by some authors, 23, 24) though studies on Japanese found no association. 22, 25) A study of interleukin 1B C-31T polymorphism for outpatients showed that the association between HP infection and the polymorphism was modified by fruit intake frequency, though the effect was not significant. 26) Further studies with biological markers should reveal the role of fruit intake in the biological mechanism of HP infection.
In this study, smoking was not significantly associated with the seropositive rate, though the estimated OR was more than unity. Past studies on the association with smoking are inconsistent. 5) However, a logical explanation for the inconsistency may be possible. The eradication rate of HP was worse in smokers than in non-smokers. 27, 28) A positive association was observed among patients. 23, 25) Studies of inhabitants showed no association, 22, 29) except for the studies in North Ireland, 19) and Scotland, 30) where the overall infection rate was high (50.5% and 67.8% from the figures in the paper, 30) respectively). An association with smoking was reported for Japanese Americans in Seattle, though their infection rate was not high (27.5% in males and 29.1% in females). 31) Since in most cases the infection occurs in childhood, smoking is not a risk factor for the infection, but it could affect the spontaneous elimination or coincidental eradication by antibiotic medication. Accordingly, the association is hardly detected in a population with a low prevalence rate, because the association is diluted by the uninfected individuals. The inconsistency among the studies on inhabitants might be partly explained by this logic, though it is not applicable to the Japanese 22) and Japanese Brazilians in this study. Recently, we found that the association between smoking and HP seropositivity was marked for those with certain genotypes of interleukin 1B C-31T and myeloperoxidase (MPO) polymorphisms. 26, 32) These gene-environment interactions may provide a clue to resolve the inconsistency.
In summary, this is the first study to demonstrate the sex-age-specific HP seroprevalence rate in a Japanese Brazilian population. Those aged 33-39 years had a lower positive rate than older groups, and there was no difference among the generations (Issei, Nisei, and Sansei) for the same age groups. Every-day fruit intake was a low risk factor for persistent infection. Education level, possibly reflecting socioeconomic status, was associated with seropositivity. We are now examining the association between persistent HP infection and genetic polymorphisms in the present subjects.
